( 1^1 ) 




L AjJjort Account of Negativo-affirmattve Arith- 
metickf by Mr. John Golfon, F. R. S» 

HE Ufefulnefs of this Arithmetick confifls in 

this, that it performs all the Operations with 

more Eafe and Expedition than the common Affirma- 
tive Arithmetick, efpecially in large Numbers : And 
it differs from the common Arithmetick chiefly in this, 
that it admits of Negative Figures promifcuoufly with 
the affirmative. Thefe negative Figures are diftinguiflfd 
from the Affirmative, by the Sign - placed over themJ 

Thus 37092^86573961472. is one of thefe Numbers, 
which may be converted into its Equivalent common 
Number 23087x643x039468, in this manner : 

3009006503000470 
070ox8oo7o96ioox 

X3087X643X039468 

(ij Write down all the affirmative Figures by 
themfelves, putting a Cypher in the place of every 
negative Figure, (x.) Write down all the negative 
Figures by themfelves, putting a Cypher in the place 
of every affirmative Figure. C3O Subtrad the laft 
Number from the firft, and the Remainder will be a 
common Number, equivalent to the given negativo- 
affirmative Number. See the Operation above. 

But the readied pra(aical Way of performing this 
Redudion in any given Number, will be in this man- 
ner: Begin at the left hand ; and going over all the 
Figures in order^ obferve thefe Rules, (ij An tf- 
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firmative Figure before a Negative muft be diminifh'ci 
by an Unit. (x.> A negative Figure before an Affirma- 
tive, mull: be changed into its Complement to lo. 
(3.) A negative Figure before a Negative, mull be 
changed into its Complement to 9. All other Figures 
mud remain unchanged, and a Cypher is always to 
be underflood where there is no fignificant Figure. 
The (ign of the Cypher is neglecSled ; but where there 
is occafion to confider it, it is always fuppos'd the fame 
as the Sign of the following Figure. Thus the negati- 

vo affirmative Number 729586455982001730 is im- 
mediately reduc'd to 7io585'545'97799833o; and 
fo of all others. 

But on the contrary, common Numbers may be re- 
duced to negativo-affirmative Numbers a great variety 
of Ways, by fubftituting inftead of the Figures i, 2, 3, 

4j 5'>^>7?8,9, their refpedive Values 191 18? 171 16> 

1 5-, 14, 13, 12, 1 1, in any places at pleafure. But the 
moft ufeful ReducStion of this kind is what I call A Re- 
du^ion to fmall Figures j which confifts in throwing out 
all the large Figures, 9, 8, j^6, out of any given Num- 
ber, and introducing in their room the equivalent 

mm ttim mm mm 

fmall Figures 11,12,13,14, refpedively. Thus 

182937462 may be reduced to 223i435'42, confifling 
only of fmall Figures. But this Reduction may be 
performed more readily by thefe Rules following. 

(i.) A fmall Figure before a large Figure muft be 
increafed by an Unit. (^2 J A large Figure before a 
large Figure muft be changed into its negative Com- 
plement to 9. (3 J A large Figure before a fmall Fi- 
gure muft be changed into its negative Complement 
to 10. Other Figures are not to be changed ; and 5* 
will be ambiguous, being to be efteemed either large 
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or fmall, according as the Figure following is either 
large or fmall. Some Examples of rhis Redudion Ihall 
here follow, both in whole Numbers and Decimal Fra 
dions. 

■mt* 5M» mm ««« -sot xm 

37068259764 - 43^3234^^44 
729528960739957 -:= I33I53IO4I34OO43 
9260872395587294^ II34II324O45I33 14 

Or('9)926o87239587294 :^ (10) 11 34.113240413 314 
(m)3879i64o79535&c -=^ (m) 412124412153, &c. 

It is to be obferved, that in this lafl: Example the 
Numbers are what I call interminatey or Approximati- 
ons only ,• that is, the firft and moft valuable Figures 
are exprefs'd, and all the reft ("whether finite or infi- 
nite in Number, whether known or unknown) are o- 
mitted as inconfiderable, and infinuated by the Mark 
&c. Alfo the Index m before the Number ftands for 
fome Integer, exprefling the Diftance of the firft Figure 
3 or 4 from the Place of Units; which Integer is ei- 
ther affirmative or negative, according as the faid firft 
Figure ftands in integral or fractional Places. The 
Example immediately before is a particular Inftance of 
this. 

And thus much by way of Notation : To proceed 
therefore to the Operations to be performed with thefe 
Numbers, whether reduced to fmall Figures or notj 
and firft of Addition. 

Place the Numbers to be added juft under ont ano 
thcr, obferving the Homogeneity of Places, as in com- 
mon Numbers. Then beginning at the Right Hand, 
colled the Figures in the firft Row or Column, ac- 
cording to their Signs, and place the Reftilt under- 

Y z neath: 



( 1^4 ) 

neath : And lb fucceflively of all the other Columns, 
as in Example i. 

But if at any time this refult cannot be exprefs'd by 
a fingle Figure, it may be writ down with two or more 
Figures, obferving the Homogeneity of Places, and then 
the Sum may be collected over again. But to fave 
this trouble, it will be fufficient to referve the Figure 
in mind which belongs to the next Column, and col- 
led it with the Figures of that Column ; as in Ex 
amples a, 3 . 

If the Numbers to be added are reduced to fmall 
figures, as in Example 3, their Addition will be very 
fimple, and the Sum may alfo be exhibited in fmall Fi- 
gures, by an eafie Subftitution of Equivalents, where 
there is occafion. 



_ i'\ 


M_ 


257384263 


647039682 


709821370 


498273651 


5807305 


8194037^5 


953 364212 


1864643894 




(3'J 


(m^ 215 314043 1213, &c„ 


(f?i) 5042031425512, &c 


(ni'i) 


43 1023 1 0241 3, &c 


(m-2) 


5i342iio32i,&c. 


(m-s) 


21 30421032 &c 


(m-4) 


J 32021224, &c 


0^^-s) 


1 3 2243 15, &c 



(;«4-i) I33332i4i343r2, &c. 
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Subtradion in this Arithmetick is reduced to Addi- 
tion, by changing all the Signs of the Number to be 
fubtraded. 

Thus, if from (») 7x938429(^37, &c. we are to 

fubtrad ri«-x)8io7359i6, &c. the Remainder will be 
found as in Example 4. 

( 4. ) 
(n) 72938429637, &c> 
(#-2) 810735926, &c. 
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00 737471 54343, &c. 

Thus in all Cafes will Addition and Subtradion be 
eafily performed : But the chief ufe of this Method 
will be, to eafe the trouble of prolix Multiplications. 
And here, as well as in Divifion, the fir ft and raoft va 
luable Figures may be firft found, and confequently the 
Produd may be continued to as many Places as fliall 
be required, without finding any unnecefTary Figures j 
which is a convenience not to be had in the ordinary 
way of Multiplication. 

Let it be propofed to Multiply together the Numbers 
8605729398715 and 389175836458, which reduced 

to fmall Figures will be 11414331401315 and 4112 

24244442. M'rite down thefe two Numbers one un- 
der the other upon a flip of Paper, with the Figures 
at equal diftances, and then cut them afunder. Take 
either of the Numbers for a Multiplier, and place it 
over the other in an inverted pofition, fo as its firfl 

Figure 
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Figure may be juft over th§ firft Figure of the Multi 
plicand. 

Ii4i43]f40i]i5' 



4f^' 7918x5498645-061606080 
11113 1114 %6}t I z^ii 
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Pr^SM =: 461086191709601707x613170 

Then Multiply thefe two firft Figures together, 
and their Produd (4x1= 4) place underneath- Then 
move your Multiplier a place forwarder, fo that two of 
its firft Figures may be over two of the firll: Figures of 
the Multiplicand 1 and colleding their two Produdls 
(4x1+1x1=5) put their Refuk underneath in the 
next p ace. More the Multiplier a place forwarder • 
and colleding the three Produdls (4X4 4.7x7+7x 1 = 
I ^ ) put the Refult underneath, as in the Example. 
Mo¥e the JWEukipher, and colled the four Products 
(4X I + i X4+ I X I 4- 2 x I = 11) which write under- 
neath as before* And fo proceed by one flop at a 
time, as long as any Figures of the Multiplier can be 
over any Figures of the Multiplicand. Laftly col- 
led the Produd into one Line, which being reduced 
to a common Number will be 1349 14 19 169039969 
17377170. 

From this Procefs it may be obferved, that at e- 
very new Situation of the moveable Multiplier chofe 
Figures only are to be Multiply 'd together, each by 
each, as are found over one another. And this Mu^ 

tipli' 
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tiplication is to be performed, and the leveral Pro- 
ducats colleded, according to the Rules of Specious 
Multiplication, wherein like Signs will make +, 
and unlike Signs will make -— in the Producfl. This 
will always make the Products deftroy one another, 
or at leaft will deprefs and keep them low, and the 
Figures themfelves being always fmall, the Reflilt 
will be always fmall, and often but a fingle Fi 
gure, which is the great Compendium of this Me« 
thod. 

When an Approximation only is defir'd, or when 
the Produd is to be produced to a given Number of 
places, the Operation may be continued one place 
farther, in order to obtain fo many Places true as 
are required. For feldom any Corred:ion extends 
beyond the place immediately aforegoing, and that is 
generally correded but by an unite, and very often 
needs no Correction at all; which will be of no 
fmall convenience in the Multiplication of Decimal 
Fradions. 

In this Method we may (if w^e pleafe) begin the 
Procefs of Multiplication from the loweft places, or 
from the right hand, as is ufual in common Arithmetick, 
and then the Corredion may be carr^'don continually 
to the next place, and fo the Produd may be always 
comprehended in one Line, without the ufe of any Su- 
perfluous Figures. Of this I fliall give an inftance in the 
foregoing Example. 



Mo^ 
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Moveahle Multiplier 



Multiplicand 

1 14143^1401]! J 
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3349I419369039969I.7J77I70 = ?rodu£l 

Place the moveable Multiplier inverted in fuch a 
manner, as rhat its laft Figure I may be juft over $ 
the laft Figure of the Multiplicand. Multiply thefe to- 
gether (Ix 5 = To 1 and fet down the laft Figure of 
the Produdi o juft under, referving the firft Figure 7 
for the next place. Then move the MultipUer a place 
forwarder, fo that two of its laft Figures may be 
over two of the laft Figures of the Multiphcand, and 
then Multiplying and colledting you will have 
I 4.7x I + 4 X 5 = 17. Set down 7 in the next place 
ot the Produd, and referve i. At the m%t remove 
you will have i 4- T x s + 4^;^ ^ + 4 x 5 = %\. Set down 
I and carry 3. Then 3 -f-l xl + 4 x'7 + 4x i+l-x 5 
:^ 1 3 = 37. Set down 7 and carry 7._ Then 3 + 2 x 

+ 4x1+4x3 + 4x1 + 4x5 = 3 = n- Set down 
7 and carry 7. And fo proceed as long as there can 
be any Figures over on^ another, and the Produd: will 
be found as before. 

This way of Multiplication is fo eafy, and may be 
made fo familiar by a little Pradice ; that it will be 
but little Ihort oS^ Multiplication by hfpedion^ and will 
doubtlefs feem very furprizing to thoie who are only 
acquainted with the common tedious way of Multipli- 
cation : efpecially if we content our felves with a men- 
tal preparation of the Numbers given, or only mark 
thofe Figures that are to be changed, which by feme 
Pradice is eafily attained. 

Tlie 
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The firft of thefe two ways of Multiplication will 
be moll convenient for interminate Numbers. As if 
we were to multiply (ml 307149741748, &c. by 
(n) 18360971x649, &c. the Produd will be found 
(m+n) 563956758x22, &c. as may appear from 
the Procefs following, 

•0^ *i5i7£ifoiHxt (u) 

(m) 3i3^50j4x35x, &a 
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Cm + n^ 644057X58378,&c. 

Here the Index of the firfl Figure of the Product: 
will be m + n, or the Sum of the Indexes of the 
given Numbers; but it would have been m + n + 1: 
if there had been any increafe from the Produd of 
the two firfl: Figures, or if there had been any corre- 
dlion to have been made to the Cypher, which is 
underftood before the firft Figure of the ProducSt, 

When both the Numbers to be mukiply'd are inter- 
minate, as in the laft Example, they ought to confifl: 
of the fame number of Places^ or other wife the great- 
er number muft be reduced to the lefler, by cutting off 
the fuperfluous Places : And the Prcdud is. not to be 
continued beyond the fame number of Places. If but one 
of the number is interminate, the other mufl be reduced 
to the form of an interminate Number, either by cut- 
ting of the excefs of places if it has more, or by fup • 
plying or fuppofmg- Cyphers , if it has fewer places 
than the interminate Number* Then the fame reflricSli • 
ons will take place as before^ 

The Method of Divifion in this Arithmetick will not 
be fo fimple or expeditious, as Multiplication* After a 
cryal of feveral ways, I think this followiog a'iU be the 
mod caniiiiodious* R-educethc Dividend and Divifor 



( 1^6 ) 

to fmali Figures, and form a Tarifla or Table of all 
the Multiples of the Divifor as far as f. Compare 
thefe Multiples with the Dividend, and with the federal 
Remainders after the Multiples have been Subtrad- 
ed, by which means you will difcover the feveral fmall 
Figures and their Signs, to be put fucceflively in the 

Quotient 

To form the Table of Multiples, fet down the Divifor 
above, drawing a line, under which fet down the Divi. 
for over again, putting r over againfl it Add thefe two 
together according to the Rule for Addition in fmall 
Figures, and put % over againfl: their Sum. Add this 
lart and the Divifor together, and put 3 over againft 
their Sum. Then add this laft and the Divifor together, 
and put 4 over againfl their Sum. Laftly, add this 
and the Divifor together, putting 5 over againft their 
Sum. Thus will you have a Table of all the Multi- 
ples of the Divifor, as far as will be neceflary. 

Thus for Example, if fm +n^ ^Si^s^^^^xzt^ &cc. 

=^ (m+ n + i) I444043^4^^^^, &c* is to be dij 
vided by (n) 18360971x649, &c. = (n) 2244 

103 13451, &c. the Procefs will be as here follows, by 

which the Quotient will be found Cni) 313 1 503413 5-4, 

&c- = (m) 307i4974i746,&c. 

^ A B L E of Multiples. 



(n) 2244.1 3 1 3 45 1 5 &c 



I 

3 
4 
5 



(n) 2244ioii345'i,&c. 
(n) 45 3 2214253 025 &c. 

(n+i) 13 144412514045 &c. 
(n+i) 1 1 2205 1 443 2453 &c* 
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Dividend - Qn + n + i) 1444043242222^ &:c. 

55i2;ii4ai535&c. 
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1 31 524203 355 &a 
224410;! ;45,&c 

1523 345 10105&C. 
J5I23II42I5&C 
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335i404ii5&c. 
2244103 1 35&C 

III I T I 11. ■■ - - Ill iiMMiii I 

1x13313245 &c 

M<«|Nk ■mm HMM 

II2205I445&C 

1 5 34220, &c 
5512315 &c, 

1244515 &c. 
1 3 34445 &c. 
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3205^5 &c, 

jTtw*! ,mtm ^^tmrnmrnmrnmi' 

1245 &c. 



125 &c. 

Z 2 The 
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J fie Index of the Quotient is found by fubtrading the 
Index of the Divifor from the Index of the Di¥idcnd, 
uiico tlie firft Figure or Figures of the Divifor arc 
not greater than the Hke Figures of the Dividend. Thus 

r^llig^^^ rr: (m) 3o.6rc. When they are greater, 
then an Unit muft be farther Subtracted from the Index 

oi the Dividend. Thus l™J--~i^^^Lt-«-^ 

(n) 22-4, &c. 

No\¥ a little to iJluftrate this Procefs, it may be ob 
ferved, that che Dividend 144, &c. or 56, &c. being 
compared with the fever d Multiples of the Divifor in 
tlie Table, it is eafily perceived that 5^5-, &c. makes the 
ncarefl approach to it, and therefore its correfpending 
Figure 3 muft be made the firiT: Figure of the Quotient, 
which 1 place juft over. Under this I place its refpe^ 
dive Multiple, changing the Signs and coIJecSting, 
becaufe it ought to be fubtracfled. Then the remain 
der 151, &c. being compared with the Table, I find 
the nearcfl to it (whether in excefs or defe<^> to be al, 
&c. or 18, &c. belonging to i. This therefore is 
made the fecond Figure of the Quotient, and its Mul- 
tiple with the vSigns changed is placed under, and colle- 
cted with the laft Remainder. The Refult, or new Re- 
mainder I52, &c. that is ^ — Tss, &€♦ or — 51, &c. 
being compared with the Table, the neareft Multiple 
is If, &c. belonging to 3, which 3 therefore is made 
the next Figure of the Quotient, but with the Sign — • 
over it, becaufe this Remainder is Negative. And for 
this reafon the Multiple 55, &c. is put down in its 
place without changing its Signs. The reft of the 
Proce fs will be obvious enough, and if any fcruple a- 
fifes about placing the Numbers, it may eafily be re- 
moved 



moved by a little attention to -their refpedive Indexes. 

In the Divifion of interminate Numbers, the fame 
reftridions are to obtain, as are already mentioned in 
Multiplication. 

And this may fuflice for a lliort Summary of Nega 
ti?o-affirmative Arithmetick, as to the ordinary Ope 
rations of Addition, Subtraction, Multiplication, and 
Divifion. What improvements may be had from hence 
in the Ext ration of Roots, whether, of pure or aile- 
ded Equations, I fhall leave to future inquiry. 

But all thefc Operations, whether in the common 
Decimal Arithmetick, or in this here com pendiouOy 
dcfcribed; and not only in Decimal Arithmetick, but 
in tlie fevcral other Species, as Duodecimal, Sexage 
fimal, Centefimal, ^r. all thefe Operations (I lay) 
may be much more eafdy and readily perform'd, and 
with equal accuracy , by aninftrument I have contrived 
called JhcMSf or iheCmmting*TalIe^ which I hope fliort- 
ly to communicate to the inquifitive in thefe matters, 
and by which all long Calculations may be very much 
facilitated. In the mean time this fliort account of Ne- 
gativo-affirmative Arithmetick, in Denary or Decimal 
Numbers, may be premised, by way of Introduction to 
the knowledge and ufe of the faid Inftfuroeet.. 
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